M ore than a hundred protein tyrosine phosphatases can function either as negative or positive modulators in various signal transduction metabolic routes in the human organism [1] . Phosphorylation and dephosphorylation of protein residues in the living cell catalyzed by protein tyrosine phosphatases is known to be a key to regulating the biochemical processes. Cellular metabolic routes controlled by tyrosine dephosphorylation offer a wide range of drug targets for developing novel therapeutics [2] . Intracellular protein tyrosine phosphatase 1B (EC 3.1.3.48) implicated in insulin receptor dephosphorylation is considered as a negative regulator of insulin signal transduction and can also dephosphorylate the leptin receptor-associated kinase [3] . Therefore PTP1B is one of the most promising therapeutic targets for potential treatment of type 2 diabetes and obesity [4] . There is growing interest in developing of potent and selective inhibitors for this enzyme [5, 6] , especially derivatives of carboxylic, phosphonic, sulfonic acids, heterocyclic and other compounds, which have been identified as PTP1B inhibitors [7, 8] . A lot of active compounds have been studied by using computer-based approaches, including molecular docking. Docking results were also used to understand detailed mechanisms of inhibitor binding to the enzyme [9, 10] .
Flexibility of proteins is an intrinsic property of biological importance being involved in catalysis, as well as substrate recognition or inhibitor binding [11] . Conformational features of WPD loop Thr177-Pro185), R-loop (Val113-Ser118) and S-loop (Val198-Gly209) of PTP1B provide a smooth entrance and favorable microenvironment for the substrates and inhibitors moving into the binding pocket [12] . It is known that at least WPD loop is a great challenge for computer modeling of enzyme-inhibitor complexes. There are more than 100 PDB files in the RSCB Protein Data Bank [13] which represent this enzyme with different inhibitors. In this case an investigator is able to analyze these conformations of binding site and find the most representative among them. As more and more data appear for different ligand-enzyme complexes, this approach becomes more and more feasible.
In our previous work [14] a special tool for the analysis of experimental conformations of the active site of PTP1B was used. The analyzed fragment included the vicinity of catalytic Cys215, WPD loop and a secondary binding site (Arg24, His25, Ala27, Phe52, Arg254, Met258 and Gly259). It was found that almost all of the most mobile residues belong to the flexible WPD-loop. Lys120 appeared to be highly mobile (RMSD deviation over 109 conformations 2.53Å). Lys120 is positioned near the R-loop, which has been identified as an important structural feature of PTP1B from molecular dynamic study [15] and these flexib le residues were also referred to as loop 110-120 [16] . WPD loop and loop 110-120 look like two large "paws" protecting the entrance to the catalytic pocket ( Fig. 1) .
High mobility of Lys120 [14] which is located at the beginning of the loop supports an idea that the loop 110-120 is flexible and may probably play an important role in the functioning of PTP1B [15] . We have already used 32 residues in both cata lytic and vicinal binding sites of PTP1B of chain A of 1Q6T [17] alongside with the residues of the WPD loop as a template to find in all other files. In this paper the fragment was extended by adding the loop 110-120 and neighboring residues 121-125 to analyze the molecular details of the loop 110-120 movement and mobility of separate residues of this loop of PTP1B.
methods
Analysis of crystal structures of PTP1B was carried out using a special software tool crea ted by the authors [14] . The program ACTPDBCMP (Active Part of PDB Comparison) finds a specified fragment in all PDB files, builds a distance matrix of the found fragments (RMSD of all atoms of the fragment) and later performs hierarchical cluster analysis. The centroids of the found clusters represent the most typical conformations of the fragment's residues.
A total of 113 PDB files were selected by 'PTP1B ' query from the RSCB Protein Data Bank. Twenty five files have not been accepted by our software. Some of them had mutations in their active site regions, some were not in fact PTP1B (for example, 2FET), and the other lacked some residues. Ninety eight fragments (sites) were found in the 88 remaining PDB files.
Swiss PDB-Viewer [18] and Ligplot [19] were used for visualization.
results and Discussion
Using the database from 88 PDB files, we have determined the mobility of amino acid residues of PTP1B. Root mean square deviations for all residues belonging to the examined part of the PTP1B chain are given in Table 1 . The data demon strate essential contribution of 110-120 amino acid residues to the total variability of conformations. Apart from absolute and relative avera ge deviations, maximal and minimal values with corresponding pairs of crystal structures are presented. As shown in Table 1 , the most mobile residues are Glu115, Leu119, Ser118, Lys120, Gly117 and Met114, located in the middle and on one side of this loop. In comparison with this, the flexibility of residues on the other side of the loop (Arg112, Asn111 and Val113) is significantly lower. Moderate changes are observed for Leu110 being placed at the end of the list. It should be mentioned that Leu119 is considered to be selectivity determinant between PTP1B and TC-PTP [16] . This residue can interact with bulky inhibitors and its mobility may be an important factor in selectivity of the inhibition. Analysis of 98 monomeric forms of PTP1B with the help of ACTPDBCMP resulted in the finding of 6 groups (clusters) of similar conformations. The results are summarized in Table 2 . They are defined by two conformations of the WPD loop and 4 conformations of the loop 110-120. Cluster 3 is a cluster of oxidized structures which have somewhat different conformation from cluster 2. Main difference between clusters 2 and 3 is conformation of Tyr46 and Arg47. The difference between clusters 5 and 6 is mainly in side-chains (it reaches up to 11.74 Å for Met114). In this case Met114 and Glu115 are oriented in the opposite directions. Backbones look much the same in this case, but cluster 6 is twisted in the middle compared to 5, which leads to the opposite orientation of side-chains.
It follows from Table 2 that despite being quite flexible the loop 110-120 adopts the same conformation in most cases. Conformation of the loop 110-120 of the first cluster with 2CM8 as a centroid is the most typical one hereafter referred to as standard conformation. This is a conforma- (Fig. 2) . In the case of open WPD loop (cluster 2) there are additional hydrogen bonds formed by Arg112. Guanidinium group of Arg112 interacts with Met114 (CO group) and a carboxylic group of Asp181. At this conformation, phenyl of Phe182 comes close to the side-chain of Lys116 (Fig. 1) , though the distance is greater than needed for π-stacking. Both loops (WPD loop and the loop region comprised of residues 110-120) keep the entrance to the active site open.
An overview of the four conformations of the loop 110-120 is presented in Fig 3 
Fig. 2. Interaction between the loop 110-120 and amino acid residues of PTP1B (2cM8, cluster 1)
loops function near the catalytic center of the enzyme [12, 20] to take part in substrate recognition and binding. WPD loop is much more flexible and moves a distance of about 10 Å between open and closed states. This supports the role of Asp181 acting as general acid/base in catalytic mechanism of substrate dephosphorylation. Many crystal structures of PTP1B have WPD loop closed onto an inhibitor [21] . In contrast, the X-ray crystal structures of PTP1B complexed with other ligands indicate that WPD loop can remain open [22] . At the same time, loop 110-120 is more stable. It was suggested previously [15] that residues Val113-Ser118 are important for WPD loop movement. However, the change between the initial and final state of R-loop, which shows the movement toward the active site, is relatively small (less than 1 Å).
According to our results of calculations of crystal structures, the loop 110-120 has a standard conformation which is changed only from time to time. It remains in the standard position when WPD loop is open. Nevertheless, the loop can change its conformation which happens at complexation with some kinds of bulky inhibitors. It is interesting to note that WPD loop in all such cases is closed. Three non-standard conformations are observed only for a limited number of structures. It is also evident from Table 3 that most non-standard conformations of the loop 110-120 are found in PDB files with multiple chains of PTP1B. It appeared that in five out of eight cases where several chains are present loop conformations are different from the most typical case 1. 1LQF contains four chains with the same standard conformation 1.
Fig. 3. Four conformations of the loop 110-120 (2cM8 -standard conformation 1), 1Q6P-B (conformation 2) 1Q6N-a (conformation 3), 1Q6T-B (conformation 4); WPD loop is represented by open (1PhO) and closed (2cM8) conformations
Besides that 1Q6J and 1Q6M, represented by only one chain, belong to type 2.
Sometimes conformations of both chains are non-standard. Some of them differ markedly from the standard one (difference up to 11.4 Å in the middle of the loop). This might be explained by the influences of bulky inhibitors, though they do interact only with the end of the loop 110-120 (residues 118-120). It is interesting to notice that in such cases active sites of the chains are located at a close distance (about 7 Å for the closest residues) and can influence each other. The dimerization of PTP1B, which is anchored to the endoplasmic reticulum in vivo [23] , and other different proteinprotein interactions may influence activity of PT-P1B.
In conclusion, a special tool for comparison of selected parts of multiple PDB files for the same enzyme has been applied to investigate loop 110-120 of PTP1B. It was found that the loop 110-120 of the PTP1B is not as mobile as it was expected. In most cases it adopts the same conformation. Most non-standard conformations are found in PDB files with multiple chains. The result may help in further understanding of PTP1B functioning and provide a starting points for the computer simulations of inhibitor binding. конформации каталитического цен-тра протеинтирозинфосфатазы 1B (PTP1B) и окружающих петель играют важную роль при катализе и ингибировании энзима. 98 конфор-маций из 88 PDB файлов, представляющих PTP1B с разными лигандами, проанализи-рованы с целью исследования особенностей подвижности петли 110-120 и ее отдельных остатков. различия выявлены при помощи специального программного обеспечения, ко-торое производит многократное сравнение вы-бранных частей PDB файлов. конформации были распределены на 6 кластеров. обнару-жено, что петля, сформированная остатками 110-120, может быть охарактеризована четырь-мя основными положениями. она принимает, преимущественно, основную конформацию и сохраняет ее во время движения WPD петли. три другие конформации являются стабиль-ными в случае закрытой WPD петли и веро-ятно являются более выгодными для PTP1В c cубъединичной структурой. к л ю ч е в ы е с л о в а: протеинтирозин-фосфатаза 1B, центры связывания, конфор-мации, кластеризация, структурное подобие, докинг.
